U.S. medical schools granting the MD degree use scores on Steps 1 and 2 of the United States Medical Licensing Examination (USMLE) as objective assessments of medical student performance.Indeed, passing scores on all three Steps of the USMLE is a requirement for medical licensure for these graduates. 1 While passing these examinations is not the primary focus of basic science and clinical education in medical school, it is an important curricular outcome.
Clinical clerkships incorporate various measures to assess student performance, including objective examinations. Many clerkships use the National Board of Medical Examiners (NBME) Clinical Subject ("shelf ") examinations as one component of the final clerkship examination. Although one may assume that the scores on subject examinations in core clerkships correlate with performance on the USMLE Step 2 Clinical Knowledge (CK) examination, the data supporting this assumption are limited. [2] [3] [4] [5] The literature addresses several other variables potentially associated with Step 1 and/or Step 2 CK scores such as clinical performance, Medical College Admission Test (MCAT) scores, medical school grade point average (GPA), and timing or length of clerkships. Several studies have also investigated correlations between subject exam scores and subtest scores of the USMLE examination. The only studies addressing the relationship between subject exam performance and overall USMLE scores are in family medicine and obstetrics and gynecology; these studies analyzed the correlations of the USMLE exam with their respective clerkship subject exam. [2] [3] [4] [6] [7] [8] Only one study considered the relationship between student performance on subject examinations across multiple clerkships and performance on Step 2 CK examinations; that study addressed the effect of clerkship timing and length. 5 Correlating subject exam scores with performance on the USMLE examinations could be important to undergraduate medical educators interested in predicting outcomes on national standardized examinations, and to graduate medical educators for selecting residents.
The purpose of this study was to determine whether the NBME Clinical Subject Examination performances of medical students from our medical school's six core clerkships correlated with their scores on the USMLE Steps 1 and 2 CK Examinations. We also sought to correlate these students' GPAs for basic science courses (likely more relevant to Step 1) and clerkships (likely more relevant to Step 2 CK) with subject exam and USMLE performance. We used the theory of context specificity as a conceptual framework for our study. Context specificity 9 argues that performance is uniquely tied to context and therefore performance on one subject examination (one context) would not be expected to be strongly correlated with performance on other subject examinations (other contexts) for a given student.
Purpose
Determine whether the National Board of Medical Examiners (NBME) Subject Examination performance from six clerkships correlated with United States Medical Licensing Examination (USMLE) Steps 1 and 2 Clinical Knowledge (CK) Examination scores. Also, examine correlations between medical students' preclinical and clinical year mean cumulative grade point average (GPA), subject exam, and USMLE performance.
Method
The sample consisted of 507 students from the 2008-2010 graduating classes from the authors' medical school. Pearson correlations followed by stepwise linear regressions were used to investigate variance in USMLE Steps 1 and 2 CK scores explained by subject exam scores and GPA.
Results
Data from 484 (95.5%) students were included. USMLE Steps 1 and 2 CK scores had moderate-to-large positive correlations with all subject exam scores and with both GPA variables. Correlations between composite subject exam scores and USMLE Steps 1 and 2 CK exams were 0.69 and 0.77, respectively. Regression analysis demonstrated that subject exams and GPA accounted for substantial variance in Steps 1 and 2 CK exam scores (62% and 61%); when entered into the regression model first, primary care clerkship subject examination scores accounted for most of this variance.
Conclusions
The moderate-to-large correlations between subject exam performance and USMLE scores provide reassurance that subject exam scores are associated with USMLE performance. Furthermore, the considerable variance in USMLE scores accounted for by primary care NBME scores may be due to primary care topics being reinforced through all clerkships and comprising a significant portion of the USMLE examinations, particularly
Step 2 CK. With this framework in mind, we posed several hypotheses:
• Performance on an individual clerkship subject exam will have a small-to-moderate correlation with performances on USMLE Step 1 and
Step 2 CK examinations, particularly when considering all exams given over a clerkship year.
• A combination of primary care subject exam variables (Family Medicine, Internal Medicine, and Pediatrics Subject Examinations) will account for a moderate-to-large amount of variance in Step 2 CK scores, both because primary care topics permeate all required clerkships and also because the Step 2 CK examination features a large number of topics covered in primary care clerkships.
• Second-year cumulative GPA will correlate to a greater degree with the
Step 1 score than the Step 2 CK score.
• The more clinically-oriented third-year GPA would have a larger correlation with the Step 2 CK score than with the
Step 1 score.
Method

Study context and participants
As All students at USU are required to pass USMLE Steps 1 and 2 CK examinations to graduate.
Step 1 examinations are given at the end of the second year, and students typically complete Step 2 CK in the fall of the fourth year. Students who fail either
Step are permitted to re-take the exam if needed; study time and remediation resources are provided for students needing assistance. An NBME Clinical Subject Examination is given at the end of every core clerkship in the third year. The subject exam score is incorporated into the final grade for students in all clerkships, although the weight assigned to the subject exam varies by clerkship. A passing score on the subject exams is required for passing an individual clerkship. A student with a failing grade is permitted to re-take the exam to achieve a passing clerkship grade. Failure on the exam re-take results in the completion of a remediation rotation specified according to clerkship policies.
Study variables and statistical analysis
We obtained students' clerkship grades, GPAs, and USMLE Steps 1 and 2 CK exam final attempt scores as part of the Long-Term Career Outcome Study (LTCOS), which is a comprehensive program evaluation investigation of performance measures of USU medical students as well as the academic and clinical careers of graduates from USU. Two separate GPAs were included; the cumulative GPA for the first two years corresponding to primarily basic science courses, and the third-year GPA, related to core clerkship rotations.
The primary outcome variables were USMLE Step 1 and 2 CK exam scores. The explanatory variables were the NBME Subject Exam scores for each of the clerkships and the students' mean GPAs in their second and third years. We first calculated descriptive statistics for the study variables and the Pearson correlations between USMLE scores and the explanatory variables listed above. We then conducted stepwise linear regression to further investigate the associations between the explanatory variables and the two primary outcome measures. Using context specificity as our conceptual framework, and based on the hypothesized substantial contribution of the primary care disciplines (family medicine, internal medicine, and pediatrics) to the Step 2 CK exam variance, we first entered the NBME Subject Exam scores of the primary care clerkships in the model, followed by the Subject Exam scores for the three remaining clerkships. Next, the cumulative second-year GPA was entered in the regression model of the Step 1 score, with the clerkship year GPA substituted for the cumulative second-year GPA in the regression model of the Step 2 CK score. Significance was set at P <.05. All statistical analyses were performed with SPSS Version 19.0 (IBM SPSS Statistics, IBM, Armonk NY; 2011). This study was approved by the USU Institutional Review Board.
Results
Of the 507 students across the three classes considered, we had complete data for a total of 484 students (95.5%). The demographic data for the 507 students are shown in Table 1 . The overall descriptive statistics for the subject exams and the USMLE exams for the 484 included students are presented in Table 2 . The mean cumulative second-year GPA for all students was 3.05 (SD = 0.47) and the mean third-year GPA was 3.18 (SD = 0.43). The results of the stepwise linear regression modeling are provided in Chart 1. When entered into the regression model first, NBME Subject Exam scores in the primary care clerkships explained 44% of the variance in USMLE Step 1 scores. The subject scores for surgery, psychiatry, and obstetrics and gynecology added an additional 5% of variance.
The second-year cumulative GPA was significantly associated with the Step 1 score after controlling for all NBME Subject exam scores, adding 13% additional variance to the model. The adjusted R 2 of the final model was 0.62, indicating that the explanatory variables together were associated with 62% of the variance of the Step 1 score.
For the USMLE Step 2 CK score, 55% of the variance was explained by the subject scores in the primary care clerkships. The scores for the other three clerkships, when entered together as a block in the second step of the regression model, accounted for an additional 6% of variance. The cumulative second-year GPA explained only 3% additional variance beyond NBME scores, although there was still a significant association with the Step 2 CK score. For the regression model of the Step 2 CK score, the third-year GPA accounted for only 1% additional variance beyond NBME scores. The adjusted R 2 of the final model was 0.61, indicating the explanatory variables together were associated with 61% of the variance of the Step 2 CK score.
Discussion and Conclusions
Our results suggest that for our study sample, NBME Clinical Subject Examination scores in core clerkships were moderately-to-highly correlated with scores on the USMLE Step 1 and 2 CK exams. Our results also indicate that NBME Clinical Subject Exam scores in multiple clerkships correlated with one another. Considering that passing the USMLE is a necessary component for physicians to obtain licensure, and that a majority of medical schools across the country utilize the subject exams, we believe there is value in demonstrating a relationship between the USMLE exams and the subject exams. Indeed, our data would suggest the subject exams could be considered as "surrogate" exams for USMLE Step 2 CK exams. The relatively high degree of correlation between the subject exams and the USMLE exams provides a degree of validation for using
Chart 1
Stepwise the subject exams to measure students' medical knowledge. Furthermore, the relationship between multiple subject exam scores with measures of knowledge such as the mean GPA or scores on the USMLE Step examinations is valuable, since performance on a single subject examination may not be representative of a student's overall knowledge base. This suggests that performance on subject exams across the breadth of clerkships would likely be more indicative of overall knowledge.
The limited extant published data regarding correlations between subject exams and USMLE exams are summarized in Table 4 . As shown, correlations between subject exams and USMLE scores range from weak (r = 0.18) to very strong (r = 0.66), depending on the discipline and which USMLE exam is considered. One might expect larger correlations between subject exam scores and the clinically oriented USMLE Step 2 CK exam.
These findings are consistent with the theory of context specificity; this is particularly true regarding the general range of correlations found between scores on individual subject exams and on the USMLE Steps, as well as the larger correlation indicated when we considered multiple subject examination scores using our composite variable (additional "contexts"). In general, based on the correlations shown in Table 4 and our own data, correlations were higher between scores on subject exams and those on the USMLE Step 2 CK exam compared to scores on Step 1, although the magnitude of the differences in correlations was small.
However, the moderate correlations between subject exams and Step 1 scores may be more indicative of students' academic aptitudes; those who perform well on Step 1 may also generally perform well on subject exams and on the Step 2 CK exam as a reflection of their own knowledge base and test-taking skills. This premise may be supported by the moderate-to-strong correlations between the second-year cumulative GPA and both the Step 1 and Step 2 CK exam scores (0.74 and 0.68 respectively), and between Step 1 and Step 2 CK scores reported by us (0.69) and others (0.67 to 0.78). [3] [4] [5] This concept is further supported by the relatively strong correlation between the second-year cumulative GPA and the third-year clinical GPA (r = 0.66). It is not surprising that students who perform well in the earlier years of undergraduate training would continue to perform well in clinical rotations and on objective assessments during the clinical years. Additionally, there may be a component of common-method variance; that is, spurious variance attributable to the measurement method (i.e., a knowledge test) rather than to the constructs the measures represent (i.e., medical knowledge and skill). 10 We also demonstrated moderate-tohigh correlations between all subject exam scores and the third-year GPA, and between the third-year GPA with scores on both USMLE exams, particularly Step 2. As hypothesized, the third-year GPA was more highly correlated with the Step 2 CK score than with the Step 1 score.
The regression analyses were quite enlightening. Given the moderate-to-high correlations between subject exam scores and USMLE scores, one might anticipate 
Third-year GPA - that variance in USMLE scores would be mostly accounted for by variance in subject exam scores. Indeed, we found that the subject exam scores and GPA were associated with a sizable proportion of the variance in USMLE Step 1 and Step 2 CK scores (62% and 61%, respectively). As hypothesized, primary care subject exam scores were able to account for most of the variance in both Step 1 and
Step 2 CK scores when entered into the regression model first; the further addition of the non-primary care scores (obstetrics and gynecology, surgery, and psychiatry) accounted for only an additional 5% of Step 1 and 6% of Step 2 variance. One possible explanation for primary care topics' explaining a large proportion of the Step 2 CK variance is that primary care issues, while emphasized in primary care clerkships, are also addressed in non-primary care clerkships. As a result, primary care topics are covered to some degree across the entire clerkship year, and may be a significant component of the USMLE exam even if questions are specifically identified to address an obstetrics and gynecology or surgery topic, for example. Furthermore, many of the clinical scenarios considered during the basic science years are topics encountered in primary care, further reinforcing this content for students.
The second-year cumulative GPA also differed in its contribution to the variance in the Step exams, accounting for 13% additional variance for Step 1 but only 1% for Step 2 CK. Although the cumulative second-year GPA correlated with both Step exams, correlation with Step 1 was greater. Since the second-year GPA is reflective of a predominantly basic science curriculum, it might be expected to have a greater contribution to variance on Step 1, since
Step 1 is a basic science-oriented exam.
The minimal contribution of the thirdyear GPA to the variance in Step 2 CK scores was, however, unexpected. We anticipated that the third-year GPA, reflective of the clinical clerkship year, would account for a sizeable proportion of variance in the Step 2 CK examination. It is possible that since the third-year GPAs are derived from individual clerkship final grades, which themselves are dependent on subject exam scores, the GPA in and of itself adds little to the effect of the subject exam scores.
Although the subject exams explained much of the variance in the USMLE exams, it is important to not overinterpret their contributions, as nearly 40% of variance was still unaccounted for. There are numerous other factors that could affect performance on the USMLE exam that were not measured in our study, such as test-taking strategies, fatigue, anxiety, and clerkship length and/ or timing in the academic year. However, it is reassuring to know that subject exam performance does seem to be a reasonable predictor of USMLE exam outcomes.
The correlation of subject exam scores to Step exam performance could assist resident selection. Although a number of criteria may be used to select residents, performance on the Step exams, particularly Step 2 CK, is likely important, considering the necessity of passing Step 3 during residency training. However, Step 2 CK scores may not be available to program directors at the time of selection or ranking of student applicants. The fact that subject exams were correlated with Step 2 CK exam performance suggests that subject exam data could be useful to program directors in lieu of Step 2 CK exam scores in their consideration of applicant selection.
The correlation of the subject exam scores to the Step exams could also assist individual students in making educational plans. For those students having difficulty with one or more subject exams, a medical school may decide to offer, or mandate, specific study periods or formal preparation courses prior to taking the Step 2 CK exam. Theoretically, these proactive measures could decrease the potential for failure of the Step 2 CK exam.
There were several limitations to our study. Data were collected from a single institution; thus we cannot necessarily extrapolate our findings to other institutions. Additionally, our study addressed correlation and not causation. Although the variances found do lend themselves to estimates of prediction, only a prospective study would truly provide for analysis of predictive ability. We did not account for the effect of clerkship timing and/or length of clerkships on USMLE or subject exam scores. Published data are mixed as to the effect of these entities. 5, 6, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Furthermore, it is important to note that the specific variables, and the order in which the variables were entered into the regression model, likely affected results relative to the percentage of variance in USMLE examinations explained by these variables. However, in order to specifically address the objective of determining the variance accounted for by a combination of primary care subject exams, we elected to enter variables in a specific order.
Strengths of this study include the large number of students considered, subject examination scores across multiple clerkships for three years, the correlations of subject exam scores with each other as well as with scores of USMLE exams and the GPA, and the consideration of the contribution of subject exams scores to the variance in Step 1 and 2 CK exams.
In summary, our findings strongly suggest that NBME Subject Exams exhibit moderate-to-large positive correlations with USMLE Step 1 and
Step 2 CK exam scores, and that subject exams explain considerable variance in performance on USMLE exams. Considering the importance of USMLE performance in the progression of a physician's career, it is reassuring to know that subject exams appear to provide a reasonably valid estimate of USMLE performance during undergraduate medical training.
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